Current guidelines advocate the use of insulin for the management of hyperglycemia in the hospital setting. However, insulin is limited by a narrow therapeutic window, frequent errors, a need for expertise and systems-based monitoring, and lack of specificity for metabolic abnormalities that occur during critical illness. As a result, non-insulin alternatives have garnered increasing interest for managing hyperglycemia in the hospital. However, non-insulin therapies have had safety and tolerability concerns, patients may still need insulin for glycemic control, and there have been limited outcomes data supporting their use. In the study by Christiansen and colleagues in the previous issue of Critical Care, pre-admission metformin therapy was associated with reduced mortality in critically ill patients with type 2 diabetes. The mortality benefit persisted after controlling for other variables, and was particularly prominent when metformin was continued during admission. Furthermore, the reduction in mortality was observed despite a slightly increased prevalence of lactic acidosis in metformin users. The protective effects of metformin are purported to be related to pleiotropic, possibly anti-inflammatory mechanisms, raising the question of benefit in patients without diabetes. Thus, the findings warrant a re-appraisal of the risks and benefits of metformin use during critical illness. However, in order to justify the revision of multiple guidelines and changes in product labeling, clinical trials in carefully selected patient populations are indicated.
Introduction
Appropriate glucose targets and management strategies among hospitalized patients with hyperglycemia have been the focus of much debate. In the previous issue of Critical Care, Christiansen and colleagues [1] present data suggesting the need for a re-appraisal of metformin therapy in the ICU. Using multivariable analyses, the retrospective cohort study demonstrates reduced mortality in critically ill patients with type 2 diabetes receiving pre-admission metformin therapy. Confounding by indication is minimized through multiple sensitivity analyses, and even more intriguing is the observation that continued use throughout ICU stay was associated with greater mortality benefit than interrupting metformin at admission (hazard ratios of 0.25 and 0.67, respectively). Although the mechanism is unclear, it is hypothesized that pleiotropic, possibly non-glycemic, anti-inflammatory effects of metformin may be responsible for its mortality benefit. The tantalizing conclusion to be drawn from this study would be to recommend continuation of metformin therapy in all hospitalized patients with type 2 diabetes receiving pre-admission metformin therapy and possibly to explore its use in other select ICU patients. However, these conclusions are still premature and have not yet been confirmed, despite a similar report in postcardiac surgery patients [2] .
Treatment approaches for hyperglycemia in the intensive care unit
Lactic acidosis is the primary motivator for recommendations to discontinue metformin at hospital admission [3, 4] . Christiansen and colleagues report that lactic acidosis was limited to metformin users only but was still uncommon (10 patients, 0.4%) given the multiple risk factors likely to be present during critical illness. By comparison, the rate of lactic acidosis reported in the product labeling is 0.03 cases per 1,000 patient-years [5] , although with approved prescribing patterns, it is virtually undetectable [6] . Nevertheless, mortality from metformin-associated lactic acidosis is reportedly as high as 50% [5] . Given the potential benefit reported here (and elsewhere), it seems that the risk of lactic acidosis might be addressed through a case-finding approach rather than by eliminating its use altogether in the hospital [6] . Unfortunately, clinicians are still constrained by prescribing restrictions [7] , particularly in the US [5] , despite calls for more relaxed or individualized dosing or both [7, 8] .
In contrast, guidelines for hospital management of hyperglycemia have recommended insulin as the preferred treatment modality for a variety of reasons [3, 4] . It is highly effective, quickly titrated to goal, and has very few contraindications. However, both intravenous and subcutaneous insulin require complicated dosing regimens which invite clinical inertia and overreliance on 'sliding scale' insulin in the absence of sufficient resources or expertise. Errors are common and lead to harm more frequently than errors from other drugs [9, 10] . Moreover, the indiscriminate interruption of stable home regimens in favor of insulin at the time of hospital admission has the potential for creating confusion at discharge, including omission of glucose-lowering therapy altogether [11] . Insulin also has a narrow therapeutic window, increasing the risk of hypoglycemia. Although the precise causal relationship between hypoglycemia and mortality is debated, hypoglycemia certainly causes harm and has impeded efforts to determine whether tight glycemic control is of any value in the ICU [12] . Finally, insulin does not directly address the pathophysiologic abnormalities that are characteristic of stress hyperglycemia [13] .
On the other hand, metformin carries minimal risk of hypoglycemia, is simple to administer, and the mechanism of action is more strategically aligned with pathophysiologic abnormalities observed during critical illness. In addition to metformin, other agents, particularly glucagon-like peptide-1 receptor agonists and dipeptidyl peptidase-IV inhibitors, have received attention as possible alternatives or adjuncts to insulin therapy in the hospital [14] . However, these agents have also raised safety or tolerability concerns [15] , and it is unknown whether these agents affect outcomes during critical illness. Importantly, neither metformin nor other non-insulin therapies are likely to preclude the need for insulin to maintain glycemic control in some patients.
Nevertheless, a rational approach to the study of metformin might justify its use in select cases in the hospital, where it can be shown that the benefits outweigh the risks of lactic acidosis. Given the deeply entrenched sentiments (deserved or not) about the risk of lactic acidosis, it hardly seems prudent to recommend the routine initiation or even continuation of metformin in most critically ill patients without data from a carefully designed clinical trial. Owing to the observed heterogeneity of effects among various disease states and the hypothesized anti-inflammatory mechanism of action, a clinical trial would preferably be performed among more targeted disease populations such as patients with sepsis. Further study should also address the role of chronic hyperglycemia, which not only appears to engender less harm than acute hyperglycemia in the ICU setting [13] but also appears to abrogate some of the mortality benefit of metformin in this study [1] .
Conclusions
In conclusion, recent data further solidify the use of metformin as first-line treatment for type 2 diabetes. Given the limitations of insulin therapy and mounting evidence for a protective effect of metformin, carefully conducted clinical trials in the hospital setting are indicated.
